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: $x_{1},$ $x_{2},$ $x_{3},$ $x_{4}$ ( $C^{0}$ )






$f_{1}(x_{1}, x_{2}, x_{3}, x_{4})= \max(0, -x_{1}, x_{3})+x_{3}^{3}$ ,
$f_{2}(x_{1}, x_{2}, x_{3}, x_{4})=\log(\exp[x_{1}]+\exp[x_{3}])-x_{4}$ ,
$f_{3}(x_{1}, x_{2}, x_{3}, x_{4})=-(x_{2}+\cos[x_{2}])$,
$f_{4}(x_{1}, x_{2}, x_{3}, x_{4})=- \min(0,2x_{1}^{3})-\tanh[x_{3}]$ ,
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. $f_{1},$ $f_{2},$ $f_{3},$ $f_{4}$ , $R^{4}arrow R$ .
.
, 1 .
$f_{i},$ $f_{2},$ $f_{3},$ $f_{4}$ , .
$fi$ :
$f_{1}(x_{1}, x_{2}, x_{3}, x_{4})= \max(0, -x_{1}, x_{3})+x_{3}^{3}$ ,
. $x_{2},$ $x_{3},$ $x_{4}$ , $x_{1}$ .. $x_{1},$ $x_{3},$ $x_{4}$ , $x_{2}$ .
$\bullet$
$x_{1},$ $x_{2},$ $x_{4}$ , 3 .
$\bullet$
$x_{1},$ $x_{2},$ $x_{3}$ , $x_{4}$ .
$f_{2}$ :
$f_{2}(x_{1}, x_{2}, x_{3}, x_{4})=\log(\exp[x_{1}]+\exp[x_{3}])-x_{4}$ ,
$\bullet$
$x_{2},$ $x_{3},$ $x_{4}$ , $x_{1}$ .
$\bullet$
$x_{1},$ $x_{3},$ $x_{4}$ , $x_{2}$ .
$\bullet$
$x_{1},$ $x_{2},$ $x_{4}$ , $x_{3}$ .
$\bullet$
$x_{1},$ $x_{2},$ $x_{3}$ , $x_{4}$ .
$f_{3}$ :
$f_{3}(x_{1}, x_{2},x_{3}, x_{4})=-(x_{2}+\cos[x_{2}])$ ,
$\backslash$
$\bullet$
$x_{2},$ $x_{3},$ $x_{4}$ , $x_{1}$ .
$\bullet$
$x_{1},$ $x_{3},$ $x_{4}$ , $x_{2}$ .
$\bullet$
$x_{1},x_{2},$ $x_{4}$ , $x_{3}$ .
$\bullet$
$x_{1},$ $x_{2},$ $x_{3}$ , $x_{4}$ .
$f_{4}$ :
$f_{4}(x_{1}, x_{2}, x_{3}, x_{4})=- \min(0,2x_{1}^{3})-\tanh[x_{3}]$ ,
$\bullet$
$x_{2},$ $x_{3},$ $x_{4}$ , $x_{1}$ .
191
$\bullet$
$x_{1}$ , $x_{3},$ $x_{4}$ , $x_{2}$ .
$\circ x_{1},$ $x_{2},$ $x_{4}$ , $x_{3}$ .
$x_{1}$ , $x_{2},$ $x_{3}$ , $x_{4}$ .
, .
\S \S 2.1
, $\{0, I, \Delta\}$ :
( : ‘Omitter’,‘Increaser’,‘Decreaser’ . $D$ $O$ $\triangle$ . )
,
192
:$\{\begin{array}{l}(\triangle\neg_{X_{1})\oplus(Ox_{2})\oplus(Ix_{3})\oplus(Ox_{4})}arrow x_{1},(I x_{1})\oplus(Ox_{2})\oplus(Ix_{3})\oplus(\Delta x_{4})arrow x_{2},(Ox_{1})-.\wedgearrow(\triangle x_{2})\oplus(Ox_{3})\oplus(Ox_{4})arrow X_{3},(\triangle\wedge x_{1})\oplus(Ox_{2})\oplus(\triangle x_{3})\oplus(O^{\wedge}x_{4})arrow x_{4}.\end{array}$
, $‘arrow’,$ $’,$ $\oplus$ ’ , . .
\S 3 $arrow’$ , $’$ , $[$ $\oplus’ J$
, , . .
\S \S 3.1
, .
, $f,$ $g$ : $Rarrow R$ , $x,$ $y,$ $z$ ,
$\{\begin{array}{l}f(x)=y,g(y)=z,\end{array}$





, $g\circ f$ , $g\circ f$
$y$ .
( : $f$ , , )
\S \S 3.2 $\{O, I, \triangle\}$
, $f,$ $g$ ,
$\{\begin{array}{l}f(x)=y,g(y)=z,\end{array}$
, ( ) ,
$\{\begin{array}{l}axarrow y,byarrow z,\end{array}$
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$a,$ $b\in\{O, I, \triangle\}$ .
, $(g\circ f)$ , $(g\circ f)(x)=z$ ,
$c^{\wedge}xarrow z$ ,




$\{\begin{array}{l}axarrow y,b (a x)arrow z,\end{array}$
. 2





, $b^{\wedge}.a(=c)$ , .
( : , ,
. $\oplus$ . ,
, .)
\S \S 33 $\{O, I, \Delta\}$ $\oplus$
, , $\oplus$ .





$d\in\{O, I, \Delta\}$ .
, $f$ , , ( )
$(ax)_{\vee}^{\mathfrak{Q}}(bx)arrow y$ ,
$a,$ $b\in\{O, I, \triangle\}$ .
$(a x)\oplus(bx)=dx$ ,
.
$($ a $x)\oplus(b^{\wedge}. x)=(a\ominus b)x$










$W$ (‘Wild card’ .
) , , .
, , ,
.
, $R^{N}arrow R^{M}$ ( ) ,
$M\cross N$ ( ) ,
. , $W$ ,
.
( : $a\oplus b$ , .
$(a\leq b\Leftrightarrow a\oplus b=b)$ . ,
.)
\S \S 3.6 $(\{O, I, \triangle, W\}, , \oplus)$
2 .
1. commutative: $ab=ba$;




$\bullet(a\oplus b)\oplus c=a\oplus(b\oplus c)$ ;
$\bullet a\oplus b=b\oplus a$ ;. $O\oplus a=a\oplus O=a$ ;
$\bullet Ia=aI=a$ ;
$\bullet Oa=aO=O$ ;
$\bullet a(b\oplus c)=(ab)\oplus(a$ $($ $c)$ ;
$\bullet(b\ominus c)Ca=(ba)\oplus(ca)$ .
: , .




$(\{O, I, \triangle, W\}, , \oplus)$ semi-ring .
$\{\begin{array}{l}(\Delta^{\cap}.x_{1})\oplus(Ox_{2})\oplus(Ix_{3})\oplus(Ox_{4})arrow x_{1},(I x_{1})\oplus(Ox_{2})\oplus(Ix_{3})\oplus(\Delta x_{4})arrow x_{2},(Ox_{1})^{\alpha}(\Delta x_{2})\oplus(Ox_{3})\oplus(Ox_{4})arrow x_{3},(\Delta^{\wedge}.x_{1})\oplus(Ox_{2})\oplus(\triangle x_{3})\oplus(O^{\wedge}.x_{4})arrow x_{4},\end{array}$
$\{\begin{array}{llll}\Delta O I O\backslash I O I \Delta O \triangle O O\triangle O \Delta O\end{array}\}\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$









$\{\begin{array}{llll}\triangle O I OI O I \triangle O \Delta O O\triangle O \Delta O\end{array}\}\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$
,
$\{\begin{array}{llll}O O O OO O O OO O O OO O O O\end{array}\}C\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$
. , .
\S \S 4.1 1:
, $fi,$ $f_{2},$ $f_{3},$ $f_{4}:R^{4}arrow R$
$\{\begin{array}{l}f_{1}(x_{1}, x_{2}.x_{3}, x_{4})=x_{1},f_{2}(x_{1}, x_{2}, x_{3}, x_{4})=x_{2},f_{3}(x_{1}, x_{2}, x_{3}, x_{4})=x_{3_{i}}f_{4}(x_{1}, x_{2}, x_{3}, x_{4})=x_{4},\end{array}$
,
$[a_{2}^{1}a_{3}^{1}a^{1}a_{4}^{1}1$ $a_{2}^{2}a^{2}a_{4}^{2}a_{3}^{2}1$ $a^{3}a_{3}^{3}a_{2}^{3}a_{4}^{3}1$ $a^{4}a^{4}a_{3}^{4}a_{4}^{4}21]\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$ ,
, $i=1,2,3,4$ $k=1,2,3,4$ , $a_{j}^{k}$
$\{O, I, \Delta, W\}$ 1 .
, $(a_{1}^{1}$ $a_{2}^{2}$ $a_{3}^{3}$ $a_{4}^{4})$ $\triangle$ $O$ ,
.
$fi,$ $f_{2},$ $f_{3},$ $f_{4}$




) $fi,\tilde{f_{2}},\vec{f_{3}},\tilde{f_{4}}$ , $R^{4}arrow R$ .
, $\Delta$ , $O$ .
( 1: , $\Delta$ $O$
, , .
, ,
. , , ,
.)
( 2: , . ,
, , –$F\llcorner$-
. , .




, $g$ : $Rarrow R$
( 1 ) $\Leftrightarrow$ 9(x3) $=x_{1}$ ,
, .
$\{\begin{array}{llll}\Delta O I OI O I \Delta O \Delta O O\triangle O \Delta O\end{array}\}\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$
, 1 $O$ :
$\{\begin{array}{llll}O O I OI O I \Delta O \triangle O O\triangle O \Delta O\end{array}\}\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$
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, , .
\S \S 42 2:
$\{\begin{array}{llll}O O I OI O I \triangle O \triangle O O\Delta O \Delta O\end{array}\}\subset\cdot)\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$
, 1 $Ix_{3}arrow x_{1}$ , , 2
$(I x_{1})\oplus(Ix_{3})\oplus(\triangle x_{4})arrow x_{2}$ ,
$X_{1}$ , 4
$(\Delta x_{1})\oplus(\triangle\wedge x_{3})arrow X_{4}$ ,





$I$ $Cx_{3}arrow x_{1}$ ,
$(I x_{1})\oplus(Ix_{3})\oplus(\Delta x_{4})$
$=$ $(I [Ix_{3}])\ominus(Ix_{3})\ominus(\Delta x_{4})$
$=$ $([II]x_{3})\hat{\infty}(Ix_{3})\ominus(\Delta x_{4})$
$=$ $(I x_{3})\oplus(Ix_{3})\oplus(\triangle x_{4})$
$=$ $([I\oplus I]x_{3})\ominus(\Delta x_{4})$
$=$ $(I x_{3})\oplus(\Delta x_{4})$






, 1 4 , .
201
202
$\{\begin{array}{llll}O O I OO O I \Delta O \triangle O OO O \triangle O\end{array}\}\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$
.
$\{\begin{array}{llll}O * * *O O * *O * O *O * * O\end{array}\}$
.
, 2 3 $\cdot 4$
$\{\begin{array}{llll}O O I OO O I \Delta O O \triangle IO O \triangle O\end{array}\}\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$
. $\triangle$ , $O$ .
$\{\begin{array}{llll}O * * *O O * *O O O *O O * O\end{array}\}$
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., 3 4
$\{\begin{array}{llll}O O I OO O I \triangle O O O IO O O \triangle\end{array}\}\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$
. $\triangle$ , $O$ .
$\{\begin{array}{llll}O * * *O O * *O O O *O O O O\end{array}\}$
, .
\S \S 43 3:
, 4 3
$\{\begin{array}{llll}O * * *O O * *O O O OO O O O\end{array}\}\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}arrow\{\begin{array}{l}x_{1}x_{2}x_{3}x_{4}\end{array}\}$
. ,










$a_{j}^{k}\in\{0, I, \Delta, W\}$ , , $+$ , $a_{j}^{k}$
.
, $a[\cdots]$ .
a[1] $=$ $a_{1}^{1}$ ,
$a[12]$ $=$ $a_{2^{\wedge}}^{1}$. $a_{1}^{2}$ ,
$a[123]$ $=$ $a_{2^{\cap}}^{1}$. $a_{3}^{2}a_{1:}^{3}$
$a[1234]$ $=$ $a_{2^{\wedge}}^{1}.a_{3}^{2}a_{4}^{3_{\wedge}}$. $a_{1}^{4}$ ,
. , $a[\cdots]$ .
, , :
$a[\cdots]=\triangle$ or $O$ ,. $a[12]a[13]\oplus a[12]a[14]\oplus a[13]a[14]=O$ ,. $a[12](a[134]\oplus a[143|)\oplus a[13|(a[124]\oplus a[142])\oplus a[14](a[123]\oplus a[132])=O$ ,. $a[23]a[24]=O$,
$a[23](a[124]\oplus a[142])\oplus a[24](a[123]\oplus a[132])=O$,. $(a[123]\ominus a[132])(a[124]\oplus a[142])=O$ .
( : 6 . C) .)
\S \S 5.1
4 ,




























( : , ,









[2] , ‘ ’( ) .
$\bullet$ semi-ring :
[3] R. ( ), ‘ ’( ).
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